Abstract: This paper estimates economies of scale and scope for thirty-six Australian universities using a 5 multiple-input, multiple-output cost function over the period 1998 to 2006. The three inputs included in the analysis are full-time equivalent academic and non-academic staff and physical capital. The five outputs are undergraduate, postgraduate and PhD completions, national competitive and industry grants, and publications. The findings indicate that ray economies of scale hold up to about 120 percent of current mean output though product-specific economies of scale hold only for undergraduate teaching. Global economies of scope prevail in 10 the sector, increasing with the level of mean output, while product-specific economies of scope arise for all outputs except publications. A cost efficiency index constructed using the sector benchmark indicates that the universities of Ballarat, Southern Cross and Flinders have a high level of cost efficiency, while New South Wales, Royal Melbourne Institute of Technology and James Cook are cost inefficient.
Introduction
It is patent that the Australian higher education sector has undergone substantial structural change during the last three decades. At the beginning of the 1980s, Australia had more than 80 higher education institutions operating in a dual system with research and teaching-20 focused universities funded on a different basis from teaching-focused institutes of technology and colleges of advanced education. With few exceptions, these institutions were comparatively small (an average size of less than 8,000 full-time equivalent students) with most operating within a comparatively narrow range of disciplines and particular teaching, research and research training roles. 25 However, the Dawkins reforms of the late 1980s brought with it the introduction of a unified national system accompanied by a far-reaching programme of restructuring that saw Australia's 18 universities and 60 colleges combine into just 38 universities, motivated partly by the tenets that small institutions have unacceptably higher costs and tertiary institutions should have a broad educational profile. A partial underlying motivation is that if large and 30 diverse institutions have lower costs, it is because economies of scale (average costs decline with output) and scope (costs are higher for specialist providers) arise in higher education.
Since then, the move to a mass education system, changes in teaching and research funding and performance frameworks, and the expansion and development of Australia as a key provider of international education services, has seen further growth in size, with Australian universities growing to average 14,000 students in 1998 and more than 18,000 in 2006.
However, since the widespread program of mergers between 1987 and 1991, relatively little 5 consolidation has taken place in the Australian higher education sector. Nevertheless, there are now increasing signs that market and non-market revenue and cost pressures, and the desired policy outcomes of increasing the quality and diversity of Australian higher University and the University of South Australia (Healy 2008) . 15 One expectation is that the new Labor government's research performance exercise will trigger a new round of alliances, mergers and restructurings. However, such pressures have been in place for some time, arising from both government policy and the universities themselves. For instance, in 2007 the then Federal Minister for Education, Science and
Training is recorded as stating that "…tweaking the priorities of the $46.8 million 20 Collaboration and Structural Reform Fund [would] reward proposals for university mergers and campus closures" and that Australia had room for perhaps only a dozen fully comprehensive, generic universities (Armitage 2007) . Putting university mergers aside, concern with the number of individual campuses has also been longstanding, with more than half of the more than 150 campuses in Australia having less than one thousand full-time 25 equivalent students (Moodie 1999) . Similarly, the Australian National University vicechancellor recently issued 'a public warning' that the nation risks a dramatic slide in global rankings if it fails to concentrate research spending on proven performers (Slattery 2008a) .
And very recently, the University of Melbourne vice-chancellor called for the creation of a community college network modeled on the California university system, in a move 30 effectively restoring the pre-Dawkins binary divide between teaching and research institutions (Slattery 2008b ).
Both of these positions rely heavily on the premise that large universities are best able to exploit the competitive realities of global higher education and that the excessive diversification of Australian universities across teaching, research and research training is 5 associated with substantial costs at both the university and sector level. Given the pervasive belief among some policymakers and decisionmakers that larger, more specialised universities are more cost effective, it is appropriate to review the available evidence on economies of scale and scope in Australian higher education. Unfortunately, astonishingly little contemporary evidence exists. Throsby (1986) considered cost data for Australian 10 universities and found that average costs fall quite steeply first, reaching a minimum level at around 13,000 full-time equivalent students, before slowly increasing. Lloyd et al. (1993) likewise concluded based on data from the late 1980s that large institutions in Australia do not fully exhaust economies of scale, and that these appear to offer greater potential gains than any economies of scope. 15
Using a nonparametric approach, Abbot and Doucouliagos (2003) calculated relative measures of technical and scale efficiency of Australian universities for 1995 and concluded that while there was room for improvement, universities were operating at a fairly high level of efficiency relative to each other. These findings are comparable to an earlier study by Akviran (2001) , also using data from 1995. Overall, these studies tend to support the 20 existence of economies of scale as depicted in Figure 1 . As shown, plotting average costs per student completion in Australian universities provides at least some evidence of a U-shaped long-run average cost curve (as with the fitted quadratic function).
<FIGURE 1 HERE>
Accordingly, the purpose of this paper is to assess economies of scale and scope in Australian 25 universities. While not the only study to examine efficiency and/or productivity in Australian universities (Throsby 1986; Lloyd et al. 1993; Madden et al. 1997; Akviran 2001; Abbott and Doucouliagos 2003; Carrington et al. 2005; Worthington and Lee 2008) it is the only one to focus exclusively on scale and scope economies at a university-level using recent panel data.
The paper is divided into four main sections. Section 2 briefly discusses the concepts and 30 sources of economies of scale and scope as they apply to higher education. Section 3 deals with the specification of higher education inputs, outputs and costs. Section 4 focuses on the cost function specification used to estimate the economies of scale and scope. Section 4 presents the results. The paper ends with some concluding remarks.
Economies of scale and scope in higher education
It is generally considered that the behavioural assumption of profit maximisation does not well fit universities operating in quasi-markets (markets where the government is a principal 5 funder but not provider of services, and retains varying degrees of control on the number and size of institutions as well as the inputs and outputs employed in the production process).
However, cost minimisation is readily applicable to nearly all market and non-market contexts desirous of efficiency and effectiveness in resource usage and output provision.
In contrast to the short run when at least some resource inputs (mostly capital) are assumed 10 fixed, in the long run all resource inputs are variable. A university (as the firm) can, for example, alter its usage of plant and equipment, change management personnel, build new capacity through buildings and facilities, close down obsolete facilities or redundant campuses, update its use of information and other technology, or in any other way modify its production processes and use of resources over time. These discussions are important because 15 while the university has many conceivable options as to equipment, technology, and the capital-labour mix in the long run, once a commitment is made its situation reverts to the short run, where many of these decisions are again fixed.
One possible long-run cost objective for a university is to be in a position to produce the desired output (or outputs) at the lowest possible cost (or cost minimisation). Among other 20 things, this means adjusting its scale of production to the most appropriate size. Sometimes dividing the production process into smaller production units can result in economies, as evidenced by the division of universities into smaller administrative units like campuses, faculties, schools and departments. On other occasions, enlarging the scale of production can achieve lower unit costs. This can proceed over time through a continuum ranging from 25 internal growth, through to strategic alliances, understandings and agreements, to formal merger and amalgamation. Through this process, universities overcome indivisibilities in factor inputs and the spreading of fixed costs, avoid the costs of inventory stock outs, and gain access to economies in the fixed costs of production including purchasing, marketing and administration. 30
The production process for a specific output is then said to exhibit economies of scale over a range of output when average cost (AC) (i.e. cost per unit of output) declines over that range (where Q TC AC = ). For long-run average cost (LRAC) to decline, the marginal cost (MC) (i.e. the cost of the last unit produced) must be less than overall average costs (where
). If average cost is increasing, then marginal cost must exceed average cost and production exhibits diseconomies of scale. Generally, diseconomies of scale can arise from the increase of input prices, the reduction of incentives and the growth of 5 bureaucracy, and an increasing lack of specialised resources.
Average costs are typically U-shaped in cost-output space, so that the smallest and largest universities have equally high costs relative to medium-sized universities. That is, either side of the minimum efficient scale (MES) of production, costs are rising so output less than or more than the MES is inefficient from a cost perspective. In practice, much variation is 10 encountered. One possibility is that economies of scale are negligible and diseconomies dominate at relatively low levels of output. Elsewhere, economies of scale may be extremely important and decline continuously over a wide range until output diseconomies are The presence of economies (diseconomies) of scale rests on the functional relationship between the costs of production and the rate of output per period. In other words, costs = ƒ(output). However, the rate of output is, in turn, a function of the rate of usage of the resource inputs: that is, output = ƒ(inputs). Since the production function displays the relationship between input and output flows, once the prices of the inputs (or factor prices) 25 are known, the costs of a specific quantity of output can be calculated. Consequently, the level and behaviour of costs as a university's rate of output changes (as evidenced by the LRAC) depends on two important factors: (i) the character of the underlying production function and (ii) the prices the firm must pay for its resource inputs. Generally, the first factor determines the shape of the cost function while the second determines the level of costs. 30
Consider now a university using L units of labour (say, academic and non-academic labour) in combination with K units of capital (both financial and physical) to obtain an output of Q units such that L + K → Q. Now assume that the amounts of labour and capital are increased by some arbitrary proportion a with the expected proportional increase in output given by b such that aL + aK → bQ. When the change in output is more than proportional to the change in input (b > a), increasing returns to scale are found. For example if the inputs of labour and capital increase by 20%, output rises by 30%. Alternatively, when the change is less than 5
proportional to the change in inputs (b < a), the firm experiences decreasing returns to scale.
An example here would be the labour and capital inputs increase by 20% but outputs only rise by 10%. Finally, where the change in output is proportional to the change in inputs (b = a) constant returns to scale are present. In this case, increasing inputs by 20% would also result in output increasing by 20%. 10
It is often tempting to use the terms economies (diseconomies) of scale (a cost concept) and increasing (decreasing) returns to scale (a production concept) interchangeably. While strictly incorrect, to yield economies of scale the production function must have some region of increasing returns to scale, and to yield diseconomies of scale it must have a region where there are decreasing returns to scale. In fact, the levels of output where economies 15 (diseconomies) of scale and increasing (decreasing) returns to scale occur will exactly correspond when the firm faces constant input prices as output expands. This is most likely to occur for a relatively small entity in a competitive industry where input demand by one firm is likely to be small relative to total market demand. In other cases, however, where the firm's demand for inputs is large relative to total industry demand, situations may arise where 20 economies of scale occur at the same time that the firm experiences constant (or even decreasing) returns to scale.
Consider, for example, a university with constant returns to scale in a decreasing cost industry. If the inputs (L, K) increase by a given proportion (a), output (Q) will expand by the same proportion (b) such that b = a (i.e. constant returns-to-scale). However, if input prices 25 decline as Q rises, it follows that the average costs of producing aQ must be less than the average cost of producing Q, and long-run average costs must fall (i.e. economies of scale).
Similar arguments show that production can even exhibit decreasing returns to scale and we can still attain economies of scale so long as the impact on average costs by the decline in factor prices sufficiently offsets the increased use of inputs and vice versa. 30
In the above discussion, a single output is considered. Once multiple product production arises, the presence or absence of complementarity between outputs in production in a firm becomes important. This diversity of products (goods or services) within a single firm (or university in this case), known as 'scope', may provide cost advantages in that a single university producing a given level of output for product may spend less than a combination of several specialised universities. That is, economies of scope arise when it is cheaper in terms of total cost (TC) to produce some level Q of product A in conjunction with some level of 5 product B, rather than each separately, TC(Q A , Q B ) < TC(Q A , 0) + TC(0, Q B ). Among firms, this process often manifests itself as leveraging core competences, competing on capabilities, mobilizing invisible assets, diversification into related products, and umbrella branding. In the case of production in higher education organisations, the production process typically comprises multiproduct attributes because it produces multiple products (undergraduate and 10 postgraduate teaching, research, research training and stakeholder service) through the sharing and joint utilisation of inputs including academic and support staff, equipment, buildings, and so on.
Unfortunately, there a number of empirical difficulties associated with measuring cost economies in universities. First, the measures of outputs, including teaching, research and 15 research training, may vary in quality across universities. Fortunately, minimum standards often apply, but a strong correlation between university sizes and/or profile and quality may distort the results. Second, in quasi-markets unconstrained decisions by universities do not generate the observations used for analysis. Government policy and the allocation of funding, however well intentioned, still control the mix and level of university outputs, and these do 20 not necessarily correspond to efficient outcome. Finally, analysis assumes that universities are at some equilibrium point along their respective long-run cost functions. Universities, in fact, may be at different stages of growth and development and the absence of, say, evidence of diseconomies of scale may simply be because no universities in the sector are currently large enough for these diseconomies to apply, not that they do not exist. 25
Specification of outputs, inputs and costs
The data consist of annual observations of 36 Australian universities over the period 1998 to The inputs and outputs employed follow a production approach to modelling university behaviour; that is, universities combine labour and non-labour factors of production and produce outputs in the form of teaching, research, and research training. Six categories of output are employed. These are the number of undergraduate, postgraduate, and PhD completions, the value of national competitive and industry grants (in $ thousands), and 10 publications (in points). Note that student completions include degrees and other undergraduate qualifications while publications include (points awarded in brackets) books (5 points limitations with the selected output specification. First, it is well known that using research income as a proxy for output is problematic (and a cause of great consternation to economists), though understandable (Flegg and Allen, 2007) . However, one argument in favour is that the dollar value of research income partly reflects the market value of university research output. 25
Second, there is no direct allowance for quality. Nevertheless, putting aside the lack of alternative measures, this is entirely consistent with current policy in the sector. For example, Commonwealth funding for students by discipline is identical across universities, a dollar of competitive research income is treated the same regardless of its source, and among the publications recognised as research outputs, there is currently no attempt to distinguish 30 between high and low-quality outcomes. This was already likely to change with the previous Liberal-National government's Research Quality Framework (RQF) and now with the current Labor government's stated objective of promoting research quality and evaluation through the Excellence in Research for Australia (ERA) initiative.
Finally, there is no recognition of the non-teaching and non-research outputs that universities can provide. These include informed commentary by academics in the media and at public forums and inquiries, recreational services like sporting activities and cultural events, 5 additional services for indigenous, rural, disabled and other disadvantaged students, and engagement with business and community groups. In the absence of any specific measurement, this analysis assumes such 'unmeasured' outputs increase in proportion to the measured outputs.
The major costs in university teaching, research and research training are the salaries of 10 academic and non-academic staff. Unfortunately, the data do not allow the finer separation of academic staff into teaching-only, teaching and research, or research-only staff, nor is it possible to separate non-academic staff into teaching or research-related support services.
Other inputs comprise non-labour expenditure, and these typically include the physical support of academic activities and research, libraries, other academic support services, student 15 services, public services, buildings and grounds and administration and other general institution services). In the past, a reasonable assumption would be that the prices of all university inputs held constant across the sector, given centralised wage determination, the absence of enterprise bargaining agreements, and so on. Increasingly, however, large disparities have opened between universities in the prices of their inputs, operating as they do 20 in an increasingly competitive market for academic labour (especially that tied closely to key research outcomes). One benefit of allowing prices to vary across universities is that it more accurately reflects differences in the relative prices of inputs that may arise among universities operating in different environments (including capital city vs. regional universities, and universities in the various states). 25 Accordingly, the input price of academic (non-academic labour) for each university is determined by dividing the expenditure on academic (non-academic) salaries by the number of full-time equivalent academic (non-academic) staff. The price of capital (non-labour input) is proxied by dividing non-labour expenditures by the stock of physical capital.
Unfortunately, universities do not provide this information to DEST and so a proxy is that 30 university capital corresponds to the full-time undergraduate and postgraduate student load.
The total costs of each university each year are the sum of all labour and non-labour expenditures. Table 1 
Model specification
A cost function is employed to estimates the economies of scale and scope in Australian higher education. The basic assumption is that universities seek to minimise their costs at some chosen level of output subject to the relative prices of their factor inputs. This approach 20 has been used in a relatively large number of studies of higher education costs in Australia and elsewhere [Cohn et al. (1989 ), de Groot et al. (1991 , Lloyd et al. (1993) , Lewis and Dundar (1995) , Hashimoto and Cohn (1997) , Koshal and Koshal (1995; 1999; 2000) A quadratic cost function is used for this purpose. This has the advantage of a flexible specification applicable to multifactor production. The cost function is also an appropriate 30 form to take account of the linear, quadratic and cross-product terms found with more than -12-one factor input. A cost function that allows the economies of scale to vary with different levels of input prices and output is specified as: where CS(P i ) is the ith factor cost share and X i is the quantity of the ith input and P i is the price of the ith input (academic and non-academic labour and capital).
It is possible to improve the efficiency of the parameter estimates by estimating equation (1) with the cost share equations (3). The cost share for the three input prices must sum to one and this restriction produces singularity in the covariance of equation (3). The system of 20 equations is estimated jointly by omitting one of the cost share equations in (3) together with equation (1) using a seemingly unrelated regression model imposing symmetry and the coefficients of the three input price coefficients to sum to one. The price of capital is the omitted input price.
The cost function in (1) allows the estimation of the economies of scale and scope. Following 25 Baumol et al. (1982) , Cohn and Geske (1990) , Lewis and Dundar (1995) Hashimoto and Cohn (1997) , Koshal and Koshal (1999; 2000) , Sav (2004) and Johnes et al. (2008) , these are defined as ray economies of scale, product-specific economies of scale and product-specific economies of scope. Under ray economies of scale, the composition of each university's output is assumed to remain fixed while the aggregate size of output varies. This provides a measure of scale analogous to the single output case where ray economies (diseconomies) of scale exist if the measure is greater (less) than unity. Product specific economies of scale, 5 however, allow one output to vary, while all other outputs are held constant. Product-specific economies (diseconomies) of scale then exist if the measure is greater (less) than unity.
Finally, product-specific economies of scope measure whether the cost of producing the outputs jointly is less than the costs of producing them separately. A value greater than or equal to zero thus indicates that cost advantages accrue through the joint production of 10 outputs.
The method for calculating these measures is as follows. First, the average incremental cost, AIC(y i )) for producing output y i is defined as:
where C(y) is the total cost of producing the five outputs and C(y N-1 ) is the total cost of 15 producing zero units of the ith output. In the case of a single product, the economies of scale are measured by the average incremental cost divided by the marginal cost. The productspecific economies of scale for y i , E(y i ) are specified as: 
If E(y i ) or E(RAY) is greater than one (less) than one then economies of scale (diseconomies of scale) exists for output y i . 25
Second, economies of scope can be divided into global economies of scope (GES) and product-specific economies of scope (PES) and these are defined as:
The product-specific economies of scope are calculated as:
Empirical results
The estimated coefficients, standard errors and p-values of the cost function are presented in 5 Table 2 . It is clear that the model will inevitably have multicollinearity as the explanatory variables contain a linear combination of input prices and outputs together with squared and cross-product terms. A simple test using the pairwise correlation between the explanatory variables (not shown) indicates the presence of collinearity with 17 percent of the pairs coefficients exceeding the rule of thumb factor of 0.8. Accordingly, it is generally difficult to 10 interpret the estimated slopes of quadratic cost functions. The R 2 for the cost function in equation (1) is 0.9862 and this is comparable to similar measures of predictability in higher education elsewhere. The null hypotheses of no input price or output effects are jointly tested in addition with various tests of no linear, quadratic and output cross-product effects with the Chi-squared test statistics in Table 2 . All hypotheses are rejected at the one percent level of 15 significance, thus suggesting that jointly all groups of explanatory variables should be included in estimating the cost function for the thirty-six Australian universities.
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The estimated quadratic cost function in Table 2 is used to estimate the marginal costs (MC) and average incremental costs (AIC) for each of the five university outputs (undergraduate 20 completions, postgraduate completions, PhD completions, national competitive and industry grants and publications) for levels of mean output running from 50% to 300% (i.e. 100% is the mean output) in Table 3 52,479), respectively. Of course, this is to be expected as changes in marginal costs take some time to be reflected in significant changes in average costs. An important point to note is that as the data available does not allow completions to separated by discipline, the marginal and average costs are across all disciplines and we would expect substantially 15 variation in costs across, say, the social, natural, mechanical and health sciences.
The product-specific and ray economies of scale are presented in Table 4 . As defined earlier, the point estimates represent the degrees of ray economies (diseconomies) of scale: if the point estimate is greater than unity, then ray economies of scale exist across the output set. As shown, ray economies (the proportional augmentation of output holding composition 20 constant) exist from 50% to 100% of the mean output over the sample period. However, between 100% and 125% of mean output diseconomies arise and hold for all levels of mean output up to 300%. This suggests that the sector as a whole is currently experiencing economies of scale and there is a clear incentive to expand the production of all outputs to exploit existing potential scale economies. However, diseconomies of scale will arise if 25 output increases beyond 125% of the mean. The findings also suggest that expanding output for smaller universities (less than 100% of the sector mean) would increase efficiency in the production of teaching, research and research training, assuming, of course, that the quality levels of the outputs is held constant.
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Table 4 also includes the product-specific economies of scale. Clearly, economies of scale for undergraduate completions are increasing for all tabled levels of output. However, postgraduate completions, PhD completions, national competitive and industry grants and publications there are diseconomies of scale at these levels of output and these appear relatively stable. This complements the work of Lewis and Dundar (1995) on Turkish universities who also found no evidence of scale economies in research output and Koshal and Koshal (2000) who concluded declining economies of scale in research and research 5 training in US liberal arts colleges. However, it is important to note that diseconomies of scale can coincide with increasing returns to scale because increases in factor prices have offset any physical gains. For instance, the growth of the Australian university sector has seen increases in the factor prices for specialized research and research training academic staff in a relatively noncompetitive industry and these may offset the benefits of scale. 10
As with most university systems, production in Australian higher education typically involves joint production as a teaching, research and research training outputs are produced jointly and it is not possible to divide the costs of production accurately into their separate uses. As shown in Table 4 , the global economies of scope are positive and increasing for all levels of mean output. This indicates that there are economies of scope at the existing product 15 combination and that these scope economies can be better exploited as scale increases. The pattern of positive and increasing economies of scope is repeated for all of the productspecific economies of scope with the exception of publications. These results suggest that material opportunities for the joint production of undergraduate and postgraduate teaching and research training arise at all levels of output, but the evidence supporting scope 20 economies in research is more mixed with national competitive and industry grants benefiting from joint production, but publications having diseconomies of scope. Nevertheless, the diseconomies of scope for publications are declining at very high levels of mean output (+300%) and may eventually become economies of scope; however, this would be at a higher level of output than any existing Australian university. 25
The final part of the analysis calculates a cost efficiency index for individual Australian universities over the sample period by comparing their predicted costs using the sector wide equation in Table 2 and their own combination of factor input prices and levels of outputs and their actual mean costs over the period. In this table, a cost efficiency value greater (less) than unity indicates that actual costs are higher (lower) than the theoretical costs. That is, the 30 university is cost inefficient (efficient) in terms of the sector benchmark if the index value is less (greater) than unity. It is also important to note that cost efficiency includes both technical efficiency-the ability to maximize outputs relative to a given level of inputs, or equivalently, minimize inputs for a given level of output-and allocative efficiency---the ability to employ factor inputs in their optimal proportions given their respective prices. We leave the decomposition of cost efficiency into its technical and allocative components for future study. ongoing financial management problems, including budget blowouts and poor business planning; while James Cook recently expressed concern about meeting staff demands for pay and conditions in the next enterprise bargaining agreement.
Concluding remarks
This study has examined economies of scale and scope in Australian universities over the 20 period 1998 to 2006. The inputs included in the analysis are full-time equivalent academic and non-academic staff and non-labour expenditure and the outputs are undergraduate, postgraduate and PhD completions, national competitive and industry grants and publications.
Product-specific and ray economies of scale and product-specific and global economies of scope are calculated using estimates from a quadratic cost function. The main findings are as 25 follows. First, there is evidence of ray economies of scale (assuming the composition of outputs remains unchanged) but only up to 100% of mean output. After this point, diseconomies of scale arise and so there is little incentive for universities to expand output far beyond current levels, at least in terms of ray economies of scale. However, there are continuous increases in product-specific economies of scale for undergraduate completions, 30 from 50% to 300% of the mean output, and this suggests further increases in output could be at lower average cost.
Second, in contrast the evidence for economies for scope is very strong, with global economies of scale at all levels of mean output. This indicates that universities benefit from the joint production of teaching, research, and research training outputs. However, while product-specific economies of scope hold for undergraduate, postgraduate and PhD completions and grants, there are diseconomies of scope when publications increase relative 5 to the other outputs. This suggests there is a cost disadvantage associated with the joint production of publications in isolation from other university outputs.
In terms of future research, a key limitation of this analysis is that no direct allowance has been given to the quality of inputs and outputs. For example, if the quality of outputs increases substantially with output, the diseconomies found with the quantity only output of 10 publications may convert to economies of scale. From a different perspective, it is also unlikely that the academic inputs across the sector are consistently of the same quality.
Clearly, the current emphasis of the new Commonwealth government on a research quality framework [similarly to past developments in the UK] is a step in this direction, and may ultimately yield new information that will assist future researchers by enabling them to 15 include both quantity and quality dimensions in their analyses. Notes: β 0 is the fixed cost term, β i (i = 1, 2,…, 8) are the slope coefficients of the linear term, δ i (i = 1, 2,…, 5) are the slope coefficients of the quadratic terms, γ ij (i =1, 2,…, 10, j =1, 2,…, 10 and i ≠ j) are the slope coefficients of the cross-product terms, C is total operating costs and y 1 to y 8 are the prices of the academic and non-academic labour inputs, capital inputs, undergraduate, postgraduate and PhD completions, competitive grants and publications. 
